In the search for alternatives to sawdust as growing media in commercial mushroom cultivation, three organic substrates obtainable as crop residue, maize husk, maize cob, and maize stalk, with each being supplemented with rice bran, were evaluated as growth media for the oyster mushroom, Pleurotus ostreatus (Kummer). For the tested alternatives to sawdust, the harvested weight of fruiting bodies that sprouted on a kilogram maize husk media per crop (32.99 g) was the highest. Sawdust media supported significantly ( < 0.001) heavier fruiting bodies (42.18) than the maize residues. The peak mushroom harvests for the various substrates were obtained between the first and seventh fruiting body flushes. The biological efficiency of the substrates, which measured usable nutrients indicated that maize stalk supplemented with rice bran, was 39% compared to that of the sawdust media (60%). The maize husk media and the maize cob media had biological efficiencies of 32% and 9.5%, respectively. These results indicate that two of the tested growing media (maize stalk or husk) produced mushrooms with yield characteristics that were comparable to the well-used sawdust in the cultivation of oyster mushrooms. The environmental and economic parameters involved in the use and carting of sawdust make these on-farm crop residues a viable alternative for mushroom cultivation in especially nonforest zones of Ghana.
Introduction
Edible mushrooms include fungi that thrive on damp decaying organic matter alone or in combination with soil [1] as it depends on nutrients obtained from dead and decaying materials. Mushrooms have been used for food and medicine and have often been considered a luxurious food reserved for the elite [2] . Global mushroom production has increased tremendously, from about 0.3 million tons in 1961 to about 3.41 million tons in 2010 [3, 4] . China is the leading producer of mushrooms worldwide, producing about 65% of global mushrooms and 85% of oyster mushroom worldwide [3] . Africa produces only 1% of the total world output of oyster mushroom [5] .
Oyster mushroom (Pleurotus ostreatus, Kummer) is the second largest commercially produced and important edible mushroom in the world market [6] after Agaricus mushrooms. It is the most popular mushroom cultivated in Ghana and it also does well in other tropical and subtropical regions [7] . P. ostreatus has a unique adaptation to a wide range of lignocellulosic substrates [2, 8] ; hence, it is not uncommon to find wild oyster mushrooms sprouting naturally in clusters on dead trees. It is also an easy and a cost effective mushroom to grow [8] . Oyster mushroom is consumed for its taste and medicinal and nutritional properties [8] . It contains proteins, vitamins, and crude fibre and has been recommended for its lovastatin properties [6] to patients with cholesterol related ailments [4, 7, 9] . It is believed that oyster mushroom can prevent high blood pressure, constipation, and hangovers and can assist in the recovery from fatigue and again it is used as a soil conditioner in agriculture [2] .
Oyster mushrooms have been cultivated using tree logs or containers such as shelves, boxes, bags, and bottles containing growing media [2] . Various crop residues have been used in producing oyster mushrooms either as main substrates or in combination with supplements [10] . Oyster mushroom can be grown on various substrates including paddy straw, maize stalks/cobs, vegetable plant residues, bagasse [11, 12] , sawdust, wheat straw, cotton waste, waste paper, and cotton stalks [13, 14] . The preferred method of cultivation is dependent on 2 Advances in Agriculture the mushroom variety, market demand, farmer's preferences, and availability of growing media [15] .
In Ghana, oyster mushroom is cultivated using plastic bags filled with decomposed sawdust [16] . However, as wood (timber) becomes scarce, the unavailability of appropriate sawdust substrate becomes a limiting factor for mushroom cultivation in Ghana. In addition, the timber industry which provides the sawdust as a by-product from the timber mills is restricted to the forest zones. Mushroom growers outside the forest zones are therefore challenged with the carting cost of the sawdust which increases production cost. The development of cultivation techniques that utilizes other sustainable sources of substrates for oyster mushroom cultivation can fill the sawdust void and is likely to be adopted by mushroom growers.
The utilization of maize residues as substrate for oyster mushroom under controlled conditions has been reported by Atikpo et al. [15] , Obodai et al. [16] , and Onyango et al. [5] . Maize is one of the major crops grown in Ghana and its residues (husks, cobs, and stalks) are abundant and available during the year and could be exploited as a sustainable substrate for mushroom growing. The extrapolation of laboratory growing successes [5, 15, 16] of mushroom on maize residues need to be tested under field conditions using homegrown crop varieties before it can be recommended to local farmers. This study investigated the relative performance of indigenous maize residues (cobs, husks, and stalks) in oyster mushroom cultivation under farmer field conditions. The potential of these substrates and with other supplements to support oyster mushroom cultivation was also determined.
Materials and Methods

Source of Substrates and Spawn.
The study was conducted at BenCom farm at Techiman in the Brong Ahafo Region of Ghana, between March and July 2011. BenCom farm located at 7.5772 ∘ N, 1.9292 ∘ W is the largest mushroom farm in Ghana that produces about 2500 tons of mushrooms annually. Pleurotus ostreatus spawn was obtained from BenCom farms. Sawdust of unknown timber species was collected from a local sawmill at the Techiman timber market. The maize residues (husk, cob, and stalk) were abundantly available from local farmers.
Preparation of Growing
Substrates. Ten (10) kg of sawdust was mixed with 0.5% lime to maintain pH. The mixture was moistened to attain a moisture content of 70%. The mixture was then heaped into a pyramidal shape and remixed at 4-day intervals to ensure good aeration. The mixture was adequately fermented and ready for bagging after 28 days. The maize husks and stalks were cut into approximately 4 cm lengths and the cobs were crushed to approximately 0.5-4 cm. Each of the residues was then soaked in excess water for 12 hours. The excess water was drained out and the wet residue was sundried for one hour to obtain the maize residue substrate. In treatments with supplements, 840 g rice bran was admixed. Each substrate was bagged into one-kilogram lots using 33 × 18 cm heat resistant propylene bags. Polyvinyl chloride (PVC) pipes were used to stiffen the spouts of the bags and these were sterilized at 100 ∘ C for 4 hours in a metal drum over naked flame and were allowed to cool before use.
Spawning, Incubation, and Fruiting.
The bagged substrates were placed in a sterilized room and 50 g of mushroom spawn was inoculated into each 1 kg bag making a 5% spawn. The thorough spawning technique was used to enhance mycelia growth where the spawn was completely mixed with the substrate. The bags were covered with a sterilized cotton wool and then paper, which was fastened in place with a rubber band. This was incubated at [26] [27] [28] ∘ C for about 20-34 days in a well-ventilated room. Each treatment was replicated five times. The bags were moved to the growing house for fruiting when mycelia had fully grown. The PVC rings, cotton plugs, and the papers were removed to enhance aeration and stimulate pinning when the walls of the bags had been fully colonized. Holes were also created on the bags for emergence of fruiting bodies. Temperature and humidity were regulated by wetting the concrete floor and spawning bags.
Data Collection and Analyses.
The fruiting bodies were pulled out and the number of mushroom and its fresh weight were recorded every six days for 6 consecutive weeks. The minimum period (6.33 days) between flushes reported by Bhatti et al. [17] was adopted. The total number of fruiting bodies, total number of flushes, and yield of each bag and total yield (g) of the mushrooms were calculated after the cropping period. After the last harvest the dry weight of the spent substrate was determined by exposing it to direct sunlight until there was no further change in weight for 3 consecutive days. The biological efficiency (BE) of each treatment was calculated using the formula: BE = Total fresh weight of mushroom (g) per substrate × 100 Dry weight of spent substrate (g)
. (1) The mushroom weight and numbers were square-roottransformed before statistical analyses. The data was subjected to analysis of variance (ANOVA) using GenStat 9th edition. Mean separation was done using Least Significant Difference and effects were declared significant at 5% level.
Results
The number of fruiting bodies of oyster mushroom was significantly influenced by the different substrates. The four substrates sawdust, maize husk, maize stalk, and maize cobs significantly influenced the number of fruiting bodies of mushroom ( Figure 1 ). Maize stalk substrate recorded the highest mean number of fruiting bodies per crop (5.17) and maize husks had the lowest 3.38 which was significantly different from the other substrates ( Figure 3) . Each of the substrates during the 7-week harvesting period had different periods for peak mushroom fruiting body numbers. Sawdust, the traditional substrate for mushroom production in the locality, and maize husk produced the highest fruiting body flushes at the first flush harvesting week (Figure 1 ), while maize cobs and maize stalk had their highest peaks during the fourth week. Supplemented substrates significantly affected the number of fruiting bodies that sprouted per crop. The average number of fruiting bodies obtained in each substrate alone was lower than when it was supplemented with rice bran. Among the substrates which were supplemented with rice bran, maize husks produced the highest mean number of fruiting bodies (2.15) per harvesting period followed by maize stalk (2.06) and the least was maize cobs which produced 1.28 fruiting bodies.
The substrates significantly influenced the fresh weight of mushroom produced (Figure 4) . Sawdust recorded a significantly ( < 0.001) higher (42.18 g) fresh mushrooms per kilogram substrate in a crop and was followed by maize stalk (32.99 g), maize husk (27.55 g), and a significantly low mushroom weight from maize cob substrate (18.67 g). The fifth harvesting period gave the highest fresh mushroom weight and the least was during the second harvesting period (Figure 2) . The highest harvested fresh mushroom weight The biological efficiency (BE) which is a function of the extent of substrate nutrient utilization was significantly different among the substrates. Sawdust had the highest biological efficiency of 60.1% and maize cobs had the lowest value of 14%. Of the supplemented substrates, maize stalk gave the highest biological efficiency of 39.2% followed by maize husk. Maize cobs recorded the lowest biological efficiency of 9.5% ( Figure 5 ).
Discussion
Several edible mushrooms have been successfully cultivated at commercial level worldwide using lignocellulose wastes as substrates [18] . An ideal substrate should contain nitrogen (supplement) and carbohydrates for rapid mushroom growth [19] . Various crop residues have been reported to have been used in producing oyster mushrooms either as main substrates or in combinations with supplements [10] . Oyster mushroom can be grown on various substrates including paddy straw, maize stalks/cobs, vegetable plant residues, bagasse [12] , wheat straw [13] , cotton waste, waste paper, and cotton stalks that are all suitable for high production capacity for oyster mushroom [14] . The response of the different substrates used shows differences in respect of time taken for formation of pinheads, maturation of fruiting bodies, period between flushes, number of flushes, and yield. Lozano [20] reported that seven harvestings were carried during 60 days, whereas Jiskani [21] reported 7.5 days between flushes and Bughio [22] recorded 9-15 days between flushes. There were 7 flushes within 42 days for all the substrates tested in this experiment based on our selected 5% spawning rate. The number and frequency of flushes depend on spawning rates. A minimum period of 6.33 days between flushes was taken when spawning rate was 2% and the period was 16.72 days at 10% spawning rate [17] . However, only one flush was harvested when a spawn rate of 1% on dry weight basis was used [20] .
It is the general experience that the second flush will be the largest. It is not uncommon for the first flush to be the largest and with a few substrates the third flush may occasionally be the largest [23] . The flush number with the highest yield in this experiment was not definite as each substrate had its peak at different periods. On the average, the fifth harvesting period gave the highest fresh mushroom weight and the least was during the second harvesting period which flouts the general experience reported in [23] . The results showed that the tested maize by-products for the cultivation of oyster mushroom influenced the weight of mushroom produced as reported by Mendez et al. [11] . When oyster mushrooms are grown in the field, harvested fruiting bodies yield only 9 g/kg substrate [13] compared to the ∼42 g/kg recorded for sawdust in this experiment. Sawdust has been reported as the best substrate for mycelia growth and fructification [24] . The high harvested mushroom weight from the sawdust treatment could be due to good aeration as has been reported by Chang and Miles [25] that mushroom production was influenced by the composition of the substrate and the degree of aeration. The suitability of the substrates was also confirmed by their comparable biological efficiencies to the traditional sawdust. The nutritional components of mushroom substrates are known to influence mycelia growth [26] . Oyster mushrooms have the ability to utilize biomolecules for their growth [27] . A highly nutritive substrate also improves the sustenance of mycelia vegetative growth which leads to vigorous growth and late pinning [28] .
The lipid contents of these residues were not tested in the current experiment; however, according to Naraian et al. [29] maize stalks have higher lipid components than cobs and husks. The lipids present in the maize stalks might have contributed to the high biological efficiency 44.4% (60.1% for sawdust) which represents the usable and available nutrients in a growing media. However, in other reports, the biological efficiency reached about 90-97% after 50-60 days with a spawn rate of 10% [30] as compared to the 5% used here. Although 25% spawn rate appeared superior, Fan et al. [30] recommended 10% spawn rate in view of the process economics while Bhatti et al. [17] also recommended 7% spawning rate on dry weight basis as this resulted in early and high yielding crop of oyster mushroom, with minimum period for maturation of fruiting bodies, maximum number of flushes and fruiting bodies. Supplementation of substrates has become one of the major techniques in mushroom cultivation. An ideal substrate should contain nitrogen (supplement) and carbohydrates for rapid mushroom growth [19] . Rice bran proved to be a suitable material for supplementing the maize residues as substrates. It increased the biological efficiency of all the substrates except for maize cobs. Ayodele and Akpaja [31] reported that supplementation of sawdust with oil palm fibres can enhance mycelia growth and sporophore yield of wood ear mushroom.
Conclusion
The study demonstrated that maize stalk is potentially suitable for use in commercial oyster mushroom production. Many locally available organic substrates have high potential for utilization as substrates and/or supplement for oyster mushroom production. In this study, even though sawdust is known to be the most suitable substrate for mushroom production, maize residues (with or without rice bran supplement) have also proven to be suitable substrates for oyster mushroom cultivation at the farm level. Maize husk and stalk were the most suitable in terms of the number of fruiting bodies and fresh weight of mushroom and are therefore recommended as potential substrate for cultivation of oyster mushroom. The differences in the results reported by other research workers should be expected since it may be due to the variation in growing requirements for cultivation of oyster mushroom such as temperature, humidity, and light regimens.
